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(54) A catheter 

(57) The object of the present invention is to present 
a catheter which can be safely inserted into the body 
and easily operated in said body. To attain this object, a 
catherter whose wall has a polylayer structure with more 
than three layers is provided in the present invention. In 
said catheter, the mechanical property changes gradu- 
ally from inside layer to outside layer to obtain the min- 


imum difference of the mechanical property between a 
pair of layers attaching to each other, so that high inter- 
laminate strength is guaranteed and stress concentra- 
tion is avoided. Further, in the case where the metal re- 
inforcement is wound on the inner layer to obtain high 
rigidity, a catheter has a smooth surface without une- 
ven n ess. 
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Description 

[0001] The present invention relates to a catheter 
used for diagnosis or therapeutics. 
[0002] A catheter used for diagnosis or therapeutics 
is guided by guide wire from the outside of the body into 
the blood vessel, the trachea, the gonaduct, the ureter, 
etc. to reach a part to be treated to perform diagnosis 
or therapeutics. Accordingly, said catheter should be 
flexible enough to bend freely in the blood vessel etc. 
and not to injure the wall of the blood vessel etc. while 
said catheter should have a good torque transmission 
property and said catheter should be rigid enough for 
the good torque transmission property. 
[0003] Hitherto, tosolve saidantinomy, catheterscon- 
sisting of a base part having enough rigidity to transmit 
the torque and an end part having flexibility to bend free- 
ly have been presented (TOKKAISho 60-31765, Japa- 
nese Patent No 2523405). 

[0004] In TOKKAISho 60-31765, the tube wall of the 
catheter has a two-layer structure consisting of an inner 
tube part and an outer tube part and when the flexibility 
of said inner tube part is set to be smaller than the flex- 
ibility of said outer tube part, the thickeness of said inner 
tube part in said base part is set to be larger than the 
thickness of said inner tube part in said end part, and 
when the flexibility of said inner tube part is set to be 
larger than the flexibility of said outer tube part, the thick- 
ness of said outer tube part in said base part is set to 
be larger than the thickness of said outer tube part in 
said end part to give said base part high regidity for a 
good torque transmission property and said end part 
high flexibility to bend freely. 

[0005] Further, in Japanese Patent No. 2523405, a 
catheter having a rigid base part and a flexible end part 
is provided wherein the glass transition temperature of 
the organic material of said base part is set to be higher 
than the glass transition temperature of the organic ma- 
terial of said flexible end part and further, a metal rein- 
forcement is wound on the outside of said base part and 
still further, a synthetic resin coating is applied on said 
reinforcement to give said base part high rigidity. 
[0006] Said catheter of TOKKAISho 60-31765 has 
faults in that the flexibility of said inner tube part is much 
different from the flexibility of said outer tube part, re- 
sulting in poor interlaminate strength between said inner 
tube part and said outer tube part and said catheter is 
easily folded by stress concentration. 
[0007] Further, said catheter of Japanese Patent No. 
2523405 has a fault in that the unevenness of the metal 
reinforcement appears on the surface of synthetic resin 
coating. 

[0008] Accordingly, an object of the present invention 
is to present a catheter consisting of a base part having 
enough rigidity for a good torque transmission property 
and an end part having enough flexibity to bend freely. 
[0009] To attain this object, a catheter whose tube wall 
has a polylayer structure with more than three layers is 


2 

presented in the present invention. 
[0010] In the present invention, said catheter consists 
of a base part and an end part, and said base part is 
reinforced by a metal reinforcement arranged on the 
5 outside of the inner layer to give said base part enough 
rigidity. 

[0011] It is preferable that the glass transition temper- 
ature of said polylayer becomes gradua lly hig her from 
the inside to the outside and the glass temperature of 
to the outer layer is equal to or lower than the bodily tem- 
perature. 

[0012] Further, it is preferable that said catheter has 
a three layer structure consisting of an inner layer, a mid- 
dle layer, and an outer layer and said metal reinforce- 
*5 ment arranged on the outside of the inner layer is cov- 
ered with said middle layer and said middle layer and 
outer layer consist of the same material. 
[0013] Still further, it is preferable that the material of 
said outer layer is in the rubbery state at the bodily tem- 
perature when said catheter is inserted into the body, 
the bending modulus of elasticity of said material is more 
than 1000 kgf/cm 2 at a temperature close to the bodily 
temperature, the material of said inner layer keeps the 
glassy state at the bodily temperature when said cath- 
eter is inserted into the body, and the bending modulus 
of elasticity of said material is more than 2500 kgf/cm 2 
at23°C. 

[0014] Still further, it is preferable that 15000 kgf/cm 2 
^ ^ 8000 kgf/cm 2 and 3500 kgf/cm 2 ^ G 3 ^ 1000 
kgf/cm 2 wherein G-, is the bending modulus of elasticity 
of said inner layer and G 3 is the bending modulus of 
elasticity of said outer layer. 

[0015] Still further, it is preferable that said catheter 
consists of a base part and an end part, and the thick- 
ness of the inner layer of said base part is larger than 
the thickness of the inner layer of said end part. 
[0016] The invention will be described with reference 
to preferred embodiments and the drawings, in which: 
[0017] Figure 1 to Figure 3 show an embodiment of 
the present invention. 

[0018] Figure 1 is the enlarged partial cross sectional 
view of a catheter. 

[001 9] Figure 2 is the whole side view of said catheter. 
[0020] Figure 3 is the cross sectional view of the 
boundary part between the base part and the end part. 
[0021] Figure 4 and 5 show the other embodiment of 
the present invention. 

[0022] Figure 4 is a perspective view to illustrate the 
manufacturing process of a catheter. 
[0023] Figure 5 is the enlarged cross sectional view 
of the boundary part between the base part and the end 
part. 

[0024] Figure 1 to Figure 3 relate to an embodiment 
of the present invention. A catheter (1 ) shown in Figures 
has a tube wall having a three-layer structure which con- 
sists of an inner layer (2), a middle layer (3) and an outer 
layer (4) and assuming the bending modulus of elasticity 
of said inner layer (2) at a temperature close to the bodily 
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temperature is G 1 , the bending modulus of elasticity of 
said middle layer (3) at a temperature close to the bodily 
temperature is G 2 , and the bending modulus of elasticity 
of said outer layer (4) at a temperature close to the bodily 
temperature is G 3 , 15000 kgf/cm 2 ^ G-, ^ G 2 ^ G 3 S 
1000 kgf/cm 2 , preferably 15000 kgf/cm 2 ^ G 1 k 8000 
kgf/cm 2 , 6000 kgf/cm 2 ^ G 2 i= 4000 kgf/cm 2 , 3500kgf/ 
cm 2 ^ G 3 ^ 1000 kgf/cm 2 and the material of said inner 
layer (2) keeps-the glassy state at the bodily tempera- 
ture when said catheter (1 ) is inserted into the body and 
the material of said outer layer (4) is in the rubbery state 
at the bodily temperature when said catheter (1) is in- 
serted into the body. Accordingly, the glass transition 
temperature Tg^ of said inner layer (2) is set to be higher 
than the bodily temperature T Q (Tg-, >T Q )and the glass 
transition temperature Tg 3 of said outer layer (4) is set 
to be equal to or lower than the bodily temperature T 0 
(Tg 3 s T D ). Wherein T c is, for example, in the range be- 
tween 35 to 37°C but may reach 40°C when the body 
has hyperthermia. 

[0025] Further, in the case where the material of each 
layer of said catheter (1) is an incomplete amorphous 
material, it is desirable that the crystailinity of said outer 
layer is equal to or lower than 30% at the bodily temper- 
ature T 0 . 

[0026] The material of said catheter is, for example, 
urethane elastomers, styrene elastomers, ester elas- 
tomers, olefin elastomers, amido elastomers, fluoroe- 
lastomers or mixtures of two or more kinds of these elas- 
tormers. A filler having radiopacity such as barium sul- 
fate and the like is preferably added to said elastomers 
in an amount between 30 to 50% by weight so that a 
catheter can be detected by radiography 
[0027] As shown in Figure 2, said catheter (1 ) consists 
of a base part (IA) and an end part (1 B), and generally 
it is preferable that said base part (1 A) has high rigidity 
and said end part (1 B) has flexibility. 
[0028] To give said base part (1 A) high regidity, and 
said end part (1B) flexibility, the thickness tA-, of said 
inner layer (2) of said base part (1 A) is set to be larger 
than the thickness tB 1 of said inner layer (2) of said end 
part (1B), and the thickness tA 3 of said outer layer (4) 
of said base part ( 1 A) is set to be less than the thickness 
tB 3 of said inner layer (2) of said end part (1B). Con- 
cretely, in said base part (1A), 0.18 mm ^ XA^ ^0.19 
mm, 0.03 mm £ tA 3 ^ 0.05 mm, tA-,>tA 3 , and in said 
end part (IB), 0.07 mm ^ tA-, m 0.09 mm, 0.14 mm ^ 
tA 3 ^0.15 mm, tA-, < tA 3 and tAjMB,, tA 3 <tB 3 . 
[0029] Total thickness of the tube wall of said catheter 
(1) is generally 0.6 to 0.7 mm so that the thickness tA2 
of said middle layer (3) of said base part (1 A) is t - tA ^ 
- tA 3 and the thickness tB 2 of said middle layer (3) of 
said end part (1 B) is t - tB 1 - tB 3 (tAg = t - tA 1 - tA 3 , tB 2 
= t-tB 1 -tB 3 ). 

[0030] When said catheter (1) of this embodiment is 
inserted into the body and effected by the bodily tem- 
perature, the bending modulus of elasticity G 3 of said 
outer layer (4) is set to be low, such as 3500 kgf/cm 2 > 


G 3 ^ 1000 kgf/cm 2 , and said outer layer (4) is set to be 
in the rubbery state, so that said catheter (1 ) has enough 
flexibility to bend easily following the curve shape of the 
blood vessel and said outer layer (4) can follow a curve 
5 having a small curvature radius without cracking or 
breaking. 

[0031] Further, in the case of the curve having a small 
curvature radius, if the crystallization of said outer layer 
(4) by tensile stress advances, said outer layer (4) may 
io harden to be in danger of cracking or breaking while said 
outer layer (4) of said catheter (1) of this embodiment 
shows no advance of the crystallization by tensile 
stress. 

[0032] Further, when the tube is molded by extrusion 
15 using a rigid material, sinks may be formed on the sur- 
face of the tube. However, in this embodiment, the inside 
layer of said rigid material is covered with the outside 
layer of a soft material having good fluidity filling up said 
sinks of the inside layer to obtain a catheter having a 
20 smooth surface without unevenness. If a catheter has 
an uneven surface, it is feared that the thrombus ad- 
heres to said catheter resulting in the difficulty of insert- 
ing said catheter into the blood vessel. 
[0033] As above described, said outer layer of said 
25 catheter of this embodiment is so soft that safety in di- 
agnosis ortherapeutic is guaranteed without injuring the 
blood vessel and the like. 

[0034] Further, as said inner layer (2) of said catheter 
(1 ) of this embodiment has a high bending modulus of 

30 elasticity G-j such as 15000 kgf/cm 2 > G-, > 8000 kgf/ 
cm 2 and-the glass temperature of said inner layer (2) is 
set to be higher than the bodily temperature, said cath- 
eter (1) has an enough torque transmission property 
when said catheter (1) is inserted into the body and easy 

35 operation for diagnosis or therapeutic is guaranteed. 
[0035] Still further, in said catheter (1 ) of this embod- 
iment, as the bending modulus of elasticity becomes 
gradually higher from the inner layer to the outer layer, 
the difference of the mechanical property between a pair 

40 of layers attaching to each other may become small, re- 
sulting in high interlaminate strength and. folding by 
stress concentration is effectively avoided. 
[0036] Figure 4 and Figure 5 show the other embod- 
iment of the present invention. 

45 [0037] As shown in Figure 4, the outside of a core bar 
(16) is covered with a melted material or a solution of a 
material by coating or extrusion to form an inner layer 
(1 2) by cooling or drying and then a tubular metal net is 
wound on said inner layer (12) in a base part (11 A) as 

50 a metal reinforcement (1 5). The same material as used 
in the prior embodiment is used in this embodiment. 
[0036] Said metal reinforcement (15) is covered with 
a middle layer (13) and further said middle layer (13) is 
covered with an outer layer (14). Said middle layer (13) 

55 and said outer layer (14) may be formed by coating or 
extrusion using the same material as used in the prior 
embodiment. Preferably, the same material is used for 
said middle layer (1 3) and said outer layer (14) to obtain 
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higher interlaminate strength. 

[0039] As shown in Figure 5, a catheter (11) having 
three layer structure consisting of said inner layer (12), 
and middle layer (13) and said outer layer (14) is man- 
ufactured by the process as above described. Said base 
part (11 A) has high rigidity by inserting said metal rein- 
forcement (15) between said inner layer (12) and said 
middle layer (1 3) to o btain a good torque transmission 
property. Further, said catheter (11) has a smooth sur- 
face without unevenness since unevenness of the sur- 
face of said middle layer caused by unevenness of said 
metal reinforcement is filled by said outer layer (14), and 
said end part (11 B) has enough flexibility since no metal 
reinforcement is inserted in the end part (11 B). 
[0040] The catheter of the present invention has a 
polylayer structure with more than three layers and in 
the case where the mechanical property changes grad- 
ually from inside layer to outside layer to obtain the min- 
imum difference of the mechanical property between a 
pair of layers attaching to each other, high interlaminate 
strength is guaranteed and stress concentration is 
avoided. Further, in the case where the metal reinforce- 
ment is used to obtain high rigidity, a catheter having a 
smooth surface without unevenness is obtained when 
said metal reinforcement is inserted between a pair of 
layers. 
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rial of said inner layer keeps the glassy state at the 
bodily temperature when said catheter is inserted 
into the body, and the bending modulus of elasticity 
of said material is more than 2500 kgf/cm 2 at 23°C. 

A catheter of claim 4, wherein 15000 kgf/cm 2 ^ G-, 
^ 8000 kgf/cm 2 and 3500 kgf/cm 2 ^ G 3 ^ 1 000 kgf/ 
cm 2 wherein is the bending modulus of elasticity 
of said inner layer and G 3 is the bending modulus 
of elasticity of said outer layer. 

A catheter of Claim 5 or 6, wherein said catheter 
consists of a base part and an end part, the thick- 
ness of the inner layer of said base part is larger 
than the thickness of the inner layer of said end part. 


Claims 


A catheter whose tube wall has a polylayers struc- 
ture with more than three layers. 


30 


A catheter of Claim 1, wherein said catheter con- 
sists of a base part and an end part, said base part 
is reinforced by a metal reinforcement arranged on 
the outside of the inner layer. 


35 


3. A catheter of Claim 1 or 2, wherein the glass tran- 
sition temperature of said polylayer becomes grad- 
ually higher from the inside to the outside and the 
glass temperature of the outer layer is equal to or 
lower than the bodily temperature. 


40 


A catheter of Claim 2 or 3, wherein said catheter 
has a three layer structure consisting of an inner lay- 
er, a middle layer, and an outer layer and said metal 
reinforcement arranged on the outside of the inner 
layer is covered with said middle layer and said mid- 
dle layer and outer layer are made of the same ma- 
terial. 
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SO 


A catheter of any of claims 1 to 4, wherein the ma- 
terial of said outer layer is in the rubbery state at the 
bodily temperature when said catheter is inserted 
into the body, the bending modulus of elasticity of 
said material is more than 1000 kgf/cm 2 at a tem- 
perature close to the bodily temperature, the mate- 
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(54) A catheter 


(57) The object of the present invention is to present 
a catheter which can be safely inserted into the body 
and easily operated in said body To attain this object, a 
catherter whose wall has a polylayer structure with more 
than three layers is provided in the present invention. In 
said catheter, the mechanical property changes gradu- 
ally from inside layer to outside layer to obtain the min- 


imum difference of the mechanical property between a 
pair of layers attaching to each other, so that high inter- 
laminate strength is guaranteed and stress concentra- 
tion is avoided. Further, in the case where the metal re- 
inforcement is wound on the inner layer to obtain high 
rigidity, a catheter has a smooth surface without une- 
venness. 
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